T he Term Breech Trial was a large multicentre, international randomized controlled trial that was conducted to determine whether planned cesarean was safer than planned vaginal birth for the delivery of the singleton fetus in frank or complete breech presentation at term. The study involved 2088 women from 121 centres in 26 countries. Participants were randomly assigned to either planned cesarean or planned vaginal birth. Data were received for 2083 women. Of the 1041 women assigned to the planned cesarean group, 941 (90.4%) actually delivered by cesarean; of the 1042 women assigned to the planned vaginal birth group, 591 (56.7%) delivered vaginally. The study's main findings were that the combined outcome of perinatal or neonatal death and serious neonatal morbidity, excluding lethal congenital anomalies, was significantly lower in the planned cesarean group than in the planned vaginal birth group (17/ In this study we sought to determine whether a policy of planned cesarean section in the event of breech presentation is more or less expensive than a policy of planned vaginal birth. We report the estimated cost of each management strategy and discuss the economic and policy implications of our findings.
weight of 4000 g or more, if there was hyperextension of the fetal head, if the clinician judged there to be a fetal anomaly or condition that might cause a mechanical problem at delivery (such as hydrocephalus), or if there was a contraindication to either labour or vaginal delivery (such as placenta previa). Women were also excluded if there was a known lethal fetal congenital anomaly.
The study (including the economic component) was approved by the research ethics committees of all participating centres, and the women who participated gave informed consent before enrolling in the trial. For women assigned to the planned cesarean group, a cesarean section was scheduled for 38 weeks' gestation or later. If the woman was in labour at the time of randomization, the cesarean was undertaken as soon as possible. If the patient was assigned to the planned vaginal birth group, management was expectant until spontaneous labour began, unless an indication to induce labour or to undertake a cesarean developed. If fetal heart-rate abnormalities or lack of progress in labour occurred, a cesarean was undertaken; otherwise labour was allowed to progress and the baby was delivered vaginally. Vaginal breech deliveries were undertaken by experienced clinicians, who were identified a priori and who were defined as those who considered themselves to be skilled and experienced at vaginal breech delivery, as confirmed by their respective heads of departments.
The cost analysis was undertaken from the perspective of a third-party payer (e.g., Ministry of Health). Costing hospital services involved determining health care resource use and associated unit costs. Health care resource use was collected for all women and infants who participated in the trial, but for this analysis we used only the resources used by women and infants recruited from countries with low (≤ 20/1000) national rates of perinatal death, as reported in 1996 by the World Health Organization. 3 This was done to increase the likelihood that the results would be applicable to the Canadian system. These countries are Australia, Canada, Chile, Denmark, Finland, Germany, Israel, Netherlands, New Zealand, Poland, Portugal, Romania, Switzerland, the UK, the United States and Yugoslavia. 
Participants enrolled in Term Breech Trial n = 2088
Planned cesarean section group n = 1043
Planned vaginal birth group n = 1045
Lost to follow-up n = 2
Died because of a lethal congenital anomaly n = 1
Excluded: Women from countries with high rates of perinatal death n = 526, of whom 90.7% were delivered by cesarean section Women in countries with low rates of perinatal death n = 512, of whom 55.3% are delivered by cesarean section
Infants delivered n = 511
Lost to follow-up n = 3
Excluded: women in countries with high rates of perinatal death n = 530, of whom 31.7% were delivered by cesarean section
Completed study n = 1041
Completed study n = 1042 R Women in countries with low rates of perinatal death n = 515, of whom 90.1% are delivered by cesarean section Infants delivered n = 514 tions within the hospital (i.e., representing different levels of intensity of care) and visits and procedures provided by physicians. Information on health care utilization up to 6 weeks postpartum was collected from the case report forms for all mothers and infants. The information included dates and times of admission to hospital, admission to the labour and delivery ward, admission to the operating room and discharge from the operating room as well as the date and time of birth. The date and time of discharge from hospital was also collected for mothers and infants, along with the time that the infant spent in a neonatal intermediate care unit or neonatal intensive care unit. The length of stay in the antenatal ward was defined as the number of hours from admission to hospital or randomization -whichever was later -to admission to the labour and delivery ward or operating room -whichever was sooner. The length of stay in the labour and delivery ward for women having a vaginal birth was defined as the time from admission to the labour and delivery ward or randomization -whichever was later -to the time of delivery, plus one extra hour to account for the time for initial post-delivery recovery. For women having a cesarean section, the length of stay in the labour and delivery ward was defined as the time from admission to the labour and delivery ward or randomization -whichever was later -to the time of admission to the operating room, plus one extra hour to account for the time for initial post-cesarean recovery. The length of stay in the operating room was defined as the time from admission to the operating room or randomization -whichever was later -to the time of discharge from the operating room. The length of time in the postpartum ward was defined as starting at delivery for women having a vaginal birth, or at discharge from the operating room for women having a cesarean section, to the time of discharge from the hospital, minus one hour that was attributed to initial post-delivery recovery time spent in the labour and delivery ward. Procedures and visits provided by physicians included weekly antenatal visits; induction or augmentation of labour or both with oxytocin or prostaglandins or both; analgesia or anesthesia or both; attendance at vaginal delivery or at cesarean section; and the provision of care for neonates in a normal nursery, neonatal intermediate care unit or neonatal intensive care unit. We classified the deliveries as vaginal breech, vaginal cephalic, prelabour cesarean or cesarean in labour, and because of the fee structure they were also categorized according to the time and day that they took place as follows: deliveries during the day (i.e., Monday to Friday from 0700 until 1700), deliveries during the evening or weekend (i.e., Saturday or Sunday from 0700 until 2400 or Monday to Friday from 1700 until 2400) and deliveries during the night (i.e., any day of the week between 0000 and 0700).
The provision of analgesia and anesthesia was categorized according to the time and day when it was started and its duration. The duration of anesthetic care for women having epidural anesthesia was calculated from the time when it was started until the time of delivery if the delivery was vaginal, or until 30 minutes after discharge from the operating room for cesarean sections. The duration of anesthetic care for women having a spinal or a general anesthetic was calculated either from the time when it was started (if recorded) or 15 minutes after admis- sion into the operating room (if not recorded) until 30 minutes after discharge from the operating room. We also assumed that when more than one anesthetic was provided they were given one at a time. However, for the few cases when both epidural and spinal anesthesia were given to a woman having a vaginal delivery, it was assumed that this was combined spinal-epidural †The fee for induction with oxytocin was applied for all women having induction with oxytocin with or without augmentation with oxytocin, whereas the fee for augmentation with oxytocin was applied for women having only augmentation with oxytocin (because induction or augmentation with oxytocin can be claimed only once). ‡In one of the hospitals the physicians did not charge for this service. §Day fees were applied for procedures performed from 0700 until 1700, evening or weekend fees were applied for procedures performed from 1700 until 2400 on Mondays to Fridays and from 0700 until 2400 on Saturdays or Sundays, and night fees were applied for procedures performed from 0000 until 0700 on all days. ¶Costs were determined by an initial base fee, followed by additional fees for every additional 5-15 minutes, depending on the hospital, up to a maximum; the costs shown in this table are those for the first 15 minutes and the first hour only. **The total cost for a stay of 1 day or less in neonatal intermediate or intensive care units was calculated using the fee foranesthesia and was treated as epidural anesthesia. Although the use of health care resources was recorded in the trial, the associated unit costs were collected after the trial for the fiscal year 2002-2003. Reliable unit costs for health care services were not readily available and had to be calculated using financial and statistical reports provided by each hospital. We obtained reports from 4 teaching hospitals and 3 community hospitals in 3 provinces (British Columbia, Alberta and Ontario). The hospitals were chosen because of their accessibility and quality of financial information. 4 Physician fees for the services were obtained from the respective provincial fee schedules. [5] [6] [7] We contacted health care experts and clinicians from each province to assist us with the identification and interpretation of the most appropriate fees. For each service provided by a physician we took into consideration the time of day when these services were provided.
To determine unit costs for services provided in the hospital, a cost model of each participating hospital was developed. First, we identified in each hospital a group of women and infants who presented with similar characteristics to those who participated in the Term Breech Trial. To do so, we used the International statistical classification of diseases and Note: CS = cesarean section, VD = vaginal delivery. *Length of stay in antenatal ward was calculated as the time from admission to hospital or randomization (whichever was later) to the time of admission to the labour or delivery room or operating room (whichever was earlier). †Length of stay in the labour or delivery room was calculated as the time of admission to the labour or delivery room or randomization (whichever was later) to the time of admission to the operating room or to the time of delivery (whichever was earlier) plus 1 hour of recovery time. ‡Length of stay in the operating room was calculated as the time of admission to the operating room or randomization (whichever was later) to the time of discharge from the operating room. §Length of stay in the postnatal ward was calculated as the time from delivery or discharge from the operating room (whichever was later) to the time of maternal discharge to home minus 1 hour to account for the recovery time in the labour or delivery room. ¶Length of stay in the regular nursery was calculated as the time from birth to the time of the infant's discharge home minus the time spent in intermediate or intensive care. **Two babies with lethal anomalies were excluded (1 from each group).
related health problems (ICD-10) 8 codes Z37.0 (single live birth) and O32.10 (maternal care for breech presentation) or O64.10 (obstructed labour due to breech presentation), classified according to Case Mix Groups (CMGs) 9 601-4 (cesareans and repeat cesareans with or without a complicating diagnosis), 607-11 (vaginal births before or after cesarean with or without minor procedures or a complicating diagnosis or both), 627-28 (neonates 1000-1499 g in weight with or without a catastrophic diagnosis), 630-32 (neonates 1500-1999 g in weight with or without problems or a catastrophic diagnosis or both), 637-40 (neonates 2000-2499 g in weight with or without problems or a catastrophic diagnosis), 643-45 (neonates > 2500 g in weight with a catastrophic diagnosis or major or moderate problems), 646 (neonates > 2500 g in weight born by cesarean) and 647-48 (neonates > 2500 g in weight with or without minor problems). Hospitals provided all direct and indirect (i.e., overhead) costs for these mothers and infants related to their length of stay at the hospital. We assumed that postpartum ward costs would be used as a proxy for antenatal ward costs because the nurse-to-patient ratio and intensity of care were similar in both locations.
Second, because we had very few vaginal breech cases and very few admissions to the neonatal intensive care unit, we added a data set of cephalic vaginal deliveries in 6 of the 7 hospitals. These we identified by ICD-10 code Z37.0 without O32.10 or O64.10, classified according to CMGs 607-11, 627-28, 630-32, 637-40, 643-45 and 647-48.
Third, each hospital provided us with the duration of stay of the women and infants in the different wards or rooms of the hospital, and we allocated the costs of different services to these wards or rooms. The cost of each service that was allocated to each ward or room of the hospital was then divided by the total length of stay in that ward or room to obtain the per-hour cost of each service. To find the total per-hour unit cost for each ward or room, we added the per-hour costs of all of the services that occurred in that ward or room.
Fourth, because unit cost estimates varied across the 7 hospitals and physician fees varied between the different provinces, we used the unit cost at the midpoint between the high and low unit cost estimates for the analysis.
All of the results were analyzed according to the intention to treat approach. Unit costs of individual patient services were applied to health care utilization data. The total costs for mothers and infants of each arm of the trial were not observed to be normally distributed. Therefore, assuming a gamma distribution and a vague prior, the mean cost, standard error, difference of means of both arms of the trial, and a 95% credible interval were estimated using a Bayesian Markov chain Monte Carlo (MCMC) simulation approach implemented in WinBUGS software.
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To check for potential effect of parity, we estimated the treatment effect and 95% credible intervals for each parity subgroup (0, ≥ 1). In addition, to examine for a treatment-byparity interaction, the difference in treatment effects and 95% credible intervals were estimated.
The above analysis captures only differences in resource utilization patterns and thus calls for the use of sensitivity analysis to explore the robustness of the results over alternative unit cost values. For the analyses of all women, those with parity equalling zero and those with parity of one or greater, To obtain hospital costs, we identified all deliveries at 37 weeks' gestation or later having the following ICD-10 codes: Z37.0 (single live birth) and O32.10 (maternal care for breech presentation) or O64.10 (obstructed labour due to breech presentation) and Case Mix Groups 601, 602, 603 and 604 for deliveries by cesarean section, and Z37.0 (single live birth) and Case Mix Groups 607, 608, 609, 610 and 611 for vaginal deliveries. The ICD-10 codes were selected from reference 8, and the Case Mix Groups were selected from reference 9. †Costs from this hospital were for women having a cesarean or a vaginal breech delivery only.
we used the midpoint, low and high unit costs in the analysis to check whether the results were sensitive to the set of unit costs chosen.
To demonstrate which specific services were more costly, depending on the management strategy, we also calculated the average cost per patient for each service provided, by treatment arm, by dividing the total costs of each service by the total number of patients in each treatment arm.
Results
The total number of participants from countries with low national perinatal rates of death was 515 mothers and 514 infants in the planned cesarean group and 512 mothers and 511 infants in the planned vaginal birth group (Fig. 1) . Table 1 shows the physician services provided to women and infants in each arm of the trial. Women in the planned vaginal birth group had more antenatal visits, inductions or augmentations of labour or both with oxytocin, inductions or augmentations of labour or both with prostaglandins, and epidural anesthesia than women in the planned cesarean group. More spinal anesthesia was given in the planned cesarean group. As expected, there were more cesareans in the planned cesarean group and more vaginal breech and cephalic deliveries in the planned vaginal birth group. However, there were more cesareans in labour in the planned vaginal birth group than in the planned cesarean group. Infants in the planned cesarean group were less likely to receive care in the neonatal intermediate care unit or neonatal intensive care unit and more likely to have normal newborn examinations than infants in the planned vaginal birth group. Table 2 presents physician fees (midpoint, low and high) for obstetrical, anesthetic and neonatal services (2002 Canadian dollars). The unit costs of epidural analgesia and spinal and general anesthetic are time dependent. In Table 2 we include only the unit costs at 15 minutes and at the first hour. However, these costs usually rose when the length of time when analgesia or anesthesia were required increased. We further observe that the physician fees for a vaginal breech delivery were higher than for a vaginal cephalic delivery, and that the fees were also higher for a cesarean in labour than a prelabour cesarean. However, the physician fees for a vaginal breech delivery were higher than for either a prelabour cesarean or a cesarean in labour. The variability in unit costs (reflected in the range between low and high estimates) was substantial for high-cost services, such as types of delivery, and was even more substantial for both types of vaginal delivery. Costs were also highly variable for analgesia and anesthesia, and for care provided to infants in the neonatal intermediate care unit and the neonatal intensive care unit. Table 3 shows the lengths of stay in different wards or rooms in the hospital. Women in the planned cesarean group spent, on average, less time in the antenatal ward and in the labour and delivery room than women in the planned vaginal birth group. The mean lengths of stay of women in the planned cesarean group in the operating room and in the postnatal ward were longer than those of the women in the planned vaginal birth group. Infants in the planned cesarean group had a shorter length of stay in the neonatal intermediate and neonatal intensive care units and a longer length of stay in the regular nursery than those in the planned vaginal birth group. Table 4 presents hospital unit cost estimates per hour (midpoint, low and high, 2002 Canadian dollars). The unit costs per hour of being in the antenatal ward, the labour and delivery room and the postnatal ward were higher for women who delivered by cesarean than for women who delivered vaginally. For the infants, the neonatal intensive care unit had the highest unit cost, followed by the neonatal intermediate care unit and then by the regular nursery because of the intensity of services provided in each level of care. Variability in operating room unit costs was substantial, which reflected the fact that these data were collected from both teaching and community hospitals.
The estimated mean cost per patient and its standard error in the 2 groups, and the mean cost difference between the groups and its credible interval, are presented in Table 5 . We found that planned cesarean was significantly (i.e., the credible intervals excluded zero) less expensive than planned vaginal birth for the midpoint ($7165 v. $8042), low ($4101 v. $4883) and high ($10 230 v. $11 200) sets of unit costs. Although the treatment effect was largest in the subgroup of women having their first child, there was no statistically significant interaction between treatment and parity, since the 95% credible intervals for the difference in treatment effects between parity equalling zero and parity of one or greater all included zero. The difference between treatment effects was -$697 (95% credible interval -$1508 to $130) for the midpoint unit cost, -$316 (-$798 to $173) for the low unit cost, and -$1080 (-$2237 to $86) for the high unit cost. Table 6 presents the average cost per patient for each service by treatment arm. Services with substantially higher costs in the planned cesarean group were the physician fees for a prelabour cesarean and the in-hospital costs of the operating room, postpartum ward and regular nursery. Services with substantially higher costs in the planned vaginal birth group were the physician fees for vaginal breech delivery and epidural analgesia and the in-hospital costs of the labour and delivery room and the neonatal intermediate and intensive care units.
Interpretation
In the Term Breech Trial, costs of planned cesareans were lower than those of planned vaginal births, and this did not differ by parity group. Although the planned cesarean group had higher costs for prelabour cesareans, which included the fees for the procedure as well as the in-hospital costs for time in the operating room, the postnatal ward and the normal nursery, women in the planned vaginal birth group spent more time in the labour and delivery suite, and their infants required more care in the neonatal intensive and intermediate care units. Moreover, the fees for a vaginal breech delivery were higher than for a cesarean, and, overall, the planned vaginal birth group incurred more costs for epidural analgesia. The slightly greater cost of the cesareans in labour in the planned vaginal birth group was not a major contributor to the overall differences in costs.
Other cost analyses of planned methods of delivery have also found that the total costs of a planned vaginal birth exceed the cost of an elective cesarean when labour is induced with oxytocin and if epidural anesthesia is also used.
11 Other analyses focusing more on a comparison of actual methods of delivery have the opposite results and show that cesarean section costs more than vaginal delivery.
12
Our findings might be interpreted as a win-win situation (i.e., planned cesarean is both safer and less expensive than planned vaginal birth in the case of breech presentations at term). However, it would be a misinterpretation of the results of the Term Breech Trial to conclude that the option of planned vaginal birth should no longer be offered to Canadian women. The immediate risks of adverse outcome for the mother are likely somewhat greater with a policy of planned cesarean, 13 and some women may continue to prefer to plan a vaginal birth despite the higher risks to the infant. As well, the long-term risks and costs of a policy of cesarean compared with planned vaginal birth, over a lifetime, are not known. For example, this cost analysis did not include the resources used, and their costs, in future pregnancies of the participants.
In summary, using a range of unit costs and resource utilization data from countries with a low rate of perinatal death, we found that planned cesareans cost less than planned vaginal births for women with a singleton fetus in breech presentation at term in the Term Breech Trial. However, these cost savings are restricted to the procedures and care during and immediately following the birth. *The midpoint estimate for all parity groups was used for these calculations; midpoint estimates were calculated as the midpoint of the low and high unit costs. The average cost of each service was calculated by dividing the total cost for that service by the total number of patients in each treatment arm, irrespective of whether the service was used by all patients. Costs are expressed in 2002 Canadian dollars.
